Influence of of the method of synthesis of ZnO rods on their microstructure and spectral-luminescent properties was studied in the work. Pulsed electrochemical and hydrothermal methods were used. The films with a similar value of thickness both methods have been obtained. The diameter of the rods obtained by the hydrothermal method is much smaller than the diameter of rods obtained by the electrochemical method. It is seen from microscopic measurements. X-ray diffraction was measured for ZnO films obtained by pulsed electrochemical method. Crystalline ZnO films with a wurtzite structure are obtained both by hydrothermal and pulsed electrochemical methods. The absorption and fluorescence spectra were measured for the samples. Bandgaps of films are determined from the absorption spectra. Edge luminescence in the ultraviolet region of the spectrum, having an exciton nature and defect luminescence in the visible spectral region is observed in the luminescence spectra of films. Analysis of the absorption and luminescence spectra showed that defectiveness ZnO film make by the electrochemical method is significantly higher film defects make by hydrothermal method.
Introduction
Despite of long and comprehensive investigations, zinc oxide (ZnO) based materials are in scope of interest of many groups of researchers. This interest connected with its unique optical, electrical and acoustical properties. Distinctive feature is also the number of synthesized nanonstructures on the basis of zinc oxide [1] . There are many investigations, with proposal to use semiconductor properties of zinc oxide in different devices of electronic and optoelectronic techniques [2, 3] .
The development of synthesis methods is important for its applied use, which allows receiving materials with specified properties with high economical effectiveness. Methods of precursor precipitation on the water basis, mechanochemical methods are low cost and therefore, potentially high effective. At present time hydrothermal synthesis is intensively developing to produce zinc oxide nanorods [4, 5] . The directed change of properties and morphology of material is possible by selecting the parameters of hydrothermal synthesis.
In the last decade the impulse electrochemical deposition became an important method of receiving nanonstructured ZnO arrays thanks to its technological efficiency, possibility of deposition on big surfaces, cost effective ratio, quality of layer and low temperature of synthesis compared to other methods. As author mentions [6] [7] [8] [9] [10] morphology and thickness of arrays in this method, and also its crystal structure and physical-chemical properties can be easily controlled by setting the parameters of deposition, like density of flows and electrode potential, structure and temperature of solution, time of electro-deposition.
Structure, morphology and properties of oxide zinc substantially depend on conditions and technology of its receipt. For applied use of oxide zinc [10] it is relevant to receive rod structure with rod diameter from 50 to 500 nm. Such a structure will be used as a material for excitons and free charge carriers. Method of production will substantially influence on optical and electrophysical properties of received ZnO rods. Therefore in this work investigation of spectral-luminescence properties of ZnO nanorods, received by hydrothermal and impulse electrochemical methods was carried.
Methodology of research
Impulse electrochemical method. The production of oxide zinc nanorods arrays was carried by method of cathode electrochemical deposition in the three electrode electrochemical cell with water electrolyte, that contains 0,1 M NaNO3 and 0,05M Zn(NO3)2, temperature t = 70°C, without mechanical shaking of the solution. As a substrate the glass wafers were used, covered transparent electrically conductive layers alloyed fluorine tin oxide (FTO) by Sigma-Aldrich. Graphite rod was counter electrode, reference electrode -saturated silver-chlorine half-cell electrode Ag/AgCl. Hydrothermal method. Synthe The first stage -drawing of the seed with the seed layer by hydrothermal Application of ZnO seed lay monoethanolamine (C 2 H 7 NO, Sigm tration of both zinc and monoethan plied to pre-cleaned glass substrate c trifuge method (spin-coating) at a s substrate annealed in a muffle furna synthesized on ITO substrates preco (Zn(NO 3 ), Sigma Aldrich) and hexa the solution, and the synthesis temp deionized water and placed in a fre washed repeatedly with deionized w
The crystal structure of the film MPD PRO (PANalytical) and Dron electron microscope with cathode Sc Absorption and luminescence the absorption spectra of the films w cence spectra were measured on a sp Thickness and rod size of the thermal method within 10 hours, thic The average diameter of the rods w thickness was 2.82 micrometers an was 660 nm. In the case of hydroth electrochemical method. However, t thesis method. J-30 was used to carry impulse tension. Substrate the lower limit for samples was Uoff -0.8 and u Cl). Pulse duty cycle factor was 2.5. Pulse freque esis of ZnO nanorods by hydrothermal method c d layer and the second stage -the synthesis of deposition. The second stage is the deposition of yer. Zinc acetate dihydrate (Zn(CH 3 COO) 2 ·2H 2 a Aldrich) were dissolved sequentially in isoprop nolamine acetate in prepeared solution was 0,5 M coated with a conductive layer of tin-doped indium ubstrate speed of rotation of 2000 r/min was rep ce at 450 °C for 60 minutes to form a ZnO struct oated ZnO seed layer from an equimolar aqueou amine (C 6 H 12 N 4 , Sigma Aldrich) for 10 hours. Th perature was 25 mM and 90 °C. Every 2 hours s esh solution. After completion of the synthesis, water, dried, and annealed at 400 °C for 1 hour. ms was analyzed after measurements on the X-ra ne 2. The morphology of the samples was inves chottky Mira-3 (Tescan). spectra of the films are measured to the resultin was carried out using a spectrophotometer Agilen pectrofluorimeter Cary Eclipse.
Results and discussion
synthesized films was investigated. In the film ckness was 2.9 microns. The appearance of the ro was 150 nm. In the case of using a pulse electr d was achieved by 2 hours synthesis. The avera hermal method -the size of the synthesized Z the rate of synthesis of the film is higher with use obtained pulse electrochemical (left) and the hydrother Investigation of the films synthesized crystalline structure was conducted. The data on the properties of ZnO films prepared by the hydrothermal method described in our previous work [11] . ZnO film deposited on conductive coating of ITO (indium tin oxide) in the case of the electrochemical method. Therefore, in the present diffraction spectra was reflexes associated with indium tin oxide. X-ray diffraction for the sample coated with ITO to exclude those measured from X-ray diffraction data of ZnO films. Analysis of these measurements showed the presence of only the reflexes of tin oxide (SnO 2 ). Continued consideration of the data showed that the peaks is not related to SnO 2 , belong to the hexagonal wurtzite phase of ZnO, with good agreement with the standard values of d (JCPDS No. 36-1451) [12] .
Other phases, Zn or other oxides besides ZnO phase weren't recorded on X-ray diffraction data. This confirms that crystalline films of ZnO obtained by electrochemical deposition method (Table) . Absorption and luminescence spectra were measured for the obtained films. The absorption spectra of the films are shown in Figure 2 . The optical density films (D) produced by different methods and measured at 380 and 800 nm has similar values. The optical density of films differs significantly in the blue-green part of the spectrum. The size of the band gap (Eg) ZnO is calculated for the obtained films. A smaller value of E g calculated for ZnO films obtained by an electrochemical method, compared with the published data [13] . This can be explained by the high defectiveness of the films. Indirect evidence of this is the shape of the absorption curve 2 shown in Figure 2 . The technique given in [14] was used for the calculations. The value of E g was 3.3 eV for the film obtained by the hydrothermal method, and 3.175 eV for the film obtained pulse electrochemical method. Figure 2 . Absorption spectra of the nanorods obtained by electrochemical pulse method (1) and the hydrothermal method (2) Also luminescence spectra of ZnO films have measured. Comparative analysis of the luminescence spectra of the nanorods (Figure 3 ) obtained by the hydrothermal method and electrochemical methods Р е п о з и т о р и й К а р Г У carried out. The ratio between values of the maximum amplitude of the luminescence intensity band in the visible area of light-spectrum (I VA ) and the of the maximum value of edge luminescence amplitude in the shortwave area of light-spectrum I UV has often been compared to determine the crystallinity of the ZnO nanostructures.
Defectiveness films obtained by pulsed electrochemical method is more than the film obtained by the hydrothermal method. It follows from the luminescence spectra of ZnO films. Ratio between I VA /I UV was 0.55 for the electrochemical films and 0.13 for hydrothermal films. 
Conclusions
Rods of ZnO synthesized by hydrothermal methods and pulse electrochemical synthesis as a result of the work done. The crystal structure and morphology of ZnO films was investigated. The resulting films have good crystallinity and all the peaks correspond to the hexagonal lattice ZnO, wurtzite structure. The absorption and fluorescence spectra were measured for ZnO films. Bandgaps of films are determined from the absorption spectra. The edge luminescence in the ultraviolet region of the spectrum, which has an exciton nature and defect luminescence in the visible spectral region are observed in the luminescence spectra of the produced films.
The value of the maximum intensity of the luminescence band in the visible region to the value of the peak amplitude of the edge luminescence band (CRL) in the short-wave region were compared. The comparison showed that the nanorods obtained by the pulsed electrochemical method have a more defective structure than the rods obtained by the hydrothermal method. These data are confirmed by the analysis of the absorption spectra and fluorescence spectra. The results of the work show that using different methods of synthesis it is possible to obtain ZnO films with different geometrical properties and defectiveness. 
